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ABSTRACT
The monthly variations in the physico-chemical parameters and zoo plankton abundance were
followed from December, 2003 to March, 2004 in Makwaye (Ahmadu Bello University Farm)
Lake, Samarti, Zaria. In this lake, all physico-clientical parameters investigated showed wide
variations within the months except hardness, which exhibited highly significant variation both
between stations and within months. Chemical variables including Na, Mg, Zn, Pb, Fe, K and
Cu showed significant variations within the months. Three groups namely Ciadocera
(32.62%). Rotiféra (29.33%) and Cope poda (38.05%) were observed. These indicated low
Species richness.
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INTRODUCTION
The anthropogenic inputs of a complex mixture from neighbouring communities and
agricultural Wastes such as run-off of manures and fertilizers could lead to water quality
changes in Makwaye Reservoir. The primary concerns are the effects of these domestic and
agricultural wastes on the water quality and aquatic life and the maintenance. Water quality
monitoring is of immense importance to activity involving the use of water bodies in the
management of fisheries, water supply, pollution, sewage reservoir and impoundment. It
involves the assessment of physico-chemical parameters of water bodies, which is a function
expressed as pollution parameters. Impacted changes in the water quality are reflected in the
biotic community structure, with the most vulnerable dying. while the most sensitive species
act as indicators of pollution (Winner et al. 1980; Rosenberg et al, 1986; Ford 1989 and
Barbour et al, 1999)
Several studies on aquatic -ecosystem impairement have been reported in Nigeria
including those of Ajayi and Adeleye (1977); Ajayi and Osibanjo (1981), Mombeshora et al,
(1981). Kjao (1990), Ogbogu and Hassan (1996) Oben (2000) and Ogbogu (2001).
Makwaye, lake is one, of the sources of water for communities around Ahmadu Bello
University Farm Centre and the water is used for domestic, agricultural and production of
valuable fish protein. Since the productivity of lakes/reservoirs are determined by the water
quality parameters and where the physico- chemical parameters are at extreme, the aquatic
species composition and abundance are affected hence, there is the need to monitor the
water quality. The last detailed limnological studies in the lake was carried out in 1989.
This study is therefore, necessary to update the data and determine the effects of
anthropogenic activities on water quality characteristics, nutrient level, trace element in
relation to zoo plankton abundance of the reservoir.
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TER1ALS AND METHODS
The procedural plan of this study involved biweekly sampling for all the physico-
chemical and zooplankton parameters in five stations (Fig.1).using standard methods.
TO ZARIA (17 KM)
Physico- chemical pare r et, rs analysis
The air and water temperature were measured at each station with a mercury
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thermometer. All temperature readings were recorded to the nearest 1°C. A calibrated
measuring tape weighted at one end was used to measure water depth, while the
transparency was determined with the use of Secchi disc.Pye Unicam Model 292 metre at
25° C after standardization with buffer solution at pH 4, 7 and 9 was used for pH and
electrical conductivity.
The modified Winkler-azide method (Lind, 1979 and APHA, 1980) was used to
determine Dissolved Oxygen (DO) and Biochemical Oxygen Demand (BOD).while hardness
vvas determined by diluting 25mIs water sample to 50ml with distilled water 9and addition of
2mIs of buffer solution and 0.1g Erichrome black-T-dye) followed by EDTA- titrant drop. The
calculation vvas based on Lid (1979) and APHA (1980) method.
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The total alkalinity was determined by rneasuring 100m1 of water sample in 250ml
Erlenmeyer flask and 3 drops of pheno/phthalein indicator were added. If the sample turned
pink it was titrated with 0.02NH2SO4 until the pink colour disappeared vvhile the mls uf acid
used was recorded for alkalinity Calculation. If no pink colour was produced 3 drops of methyl
orange indicator were added which turned the content yellowish. This was then titrated with
H2SO4 until the orange colour appeared. The ml of acid used was recorded.
Calculation:
Phenolphthalin = AxNx 50,000
ml of sample
Total alkalinity = Bx N_x_50 000
.m1 of sample
The phosphate-phosphorus was determined using the Denges method (ALPHA, 1980
and Lind, 1979) while the Nitrate-nitrogen was determined by phenoldisulphonic acid
rnethodas described by Mackereth (1963)
Determination of trace metals in water samples
The trace metals were estimated using a Unican 969 Atomic Absorption
Spectrophotometer At each station water sample was collected and preserved .by
adding 1 ml conc. HNO3 to about 150m1 of the sample and then pooled. From the pool. 50ml
water saMple taken was filteredand conc. To about 30ml in a 50m1 standard flask and 50m1
H2NO3 was added. It was then made up to 50m1 mark with distil/ed water followed by analysis
with AAS.
Sampling and identification of zooplankton
Zooplankton samples were collected with a silk plankton net of 25cm diameter of 70
meshes/cm attached with a bottle of 50m1 capacity at the base. The net was sunk just belovv
the surface and then towed through a distance of 10m. The content of the collected vial was
then poured into plastic bottle of 70ml capacity and preserved in 4% formalin.
Counting was done by shaking the preserved sample and pipeting 1m1 of it into a
Sedgwick Rafter Counting Cell and then mounted on a microscope. Identification was done
using standard textbooks (Ward and VVhipple, 1959: Needham and Needham, 1975: Pennak,
1978 and ALPHA, 1980).
Analysis of variance and Correlation Coefficient
The results of the physico-chemical and zooplankton abundan c were subjected to
analysis of variance and correlation coefficients
RESULTS
The results of the physico-chemical quality analysis, metal concentrations and
zooplankton abundance for months and station of Makwaye Reservoir are presented in
Table2 1 and 2 respectively. The air and water temperature readings indicated an increase
from January to March. Analysis of variance showed no significant variation between
sampling stations but highly significant variation (p<0.05) existed within the months. The
water. pH was mostly alkaline throughout the period of study with lowest and highest values
recorded in February and January respectively. There was no significant variation between
stations but highly significant variation existed within the months (p < 0.05)
The lowest conductance was obtained in December with increase uptil February. The
analysis of variance revealed a highly significant variation within the month (p < 0.01) but no
significant variation between stations. The level of variation in the amount of total dissolved
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solids showed a high significance within months (p < 0.01) but no significant variation
between sampling stations. The depth and dissolved oxygen decreased from December uptil
March when the lowest values were recorded. The variations were significant within months
,but no significant variations among the stations. The biochemical oxygen demand was lowest
in December and highest in February. There was a highly significant variation within the
months (p < 0.01) but variation between stations were not significant (p > 0.05).
Analysis of variance revealed that water hardness was highly significant between
stations and within months (p < 0.01). The alkalinity which ranged between 30 - 43 ug
CaCO3/litre showed a highly significant variation within months (p < 0.01) but variations
between stations were not significant (p > 0.05).
The mean monthly variations for Nitrate-Nitrogen showed the least and highest in
'February and March respectively. There was significant variation within the months (p < 0.05)
but variations between stations were not significant (p > 0.05).
The phosphate phosphorous was highly significant within the month (p < 0.01) and no
significant variation between the sampling stations. The lowest and highest values were
obtained in December and March respectively.
Table 1. The means of physico-chemical quality of water samples, metal
concentrations and abundance of zooplankton for the four-month study
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1.
March ,
24.9
22.0
1.73
5.95
7.20
73.90
41.40
35.50
1.69
20.40
42.40
5.50
1,48
1.05
4.72
1.39
0.43
1.11
1.79
1.05
0.43
57.95
66.70
69.06
I December January L Februar
Air Temperature (° C) ; 16.6 17.3 r 19.0
Water temperature (°C) 18.3 17.9 18.8
Depth (m) 2.49 2.14 1.93
Dissolved Oxygen (mg/I) 6.73 6.44 6.02
Water pH 7.2 7.5 6.99
Conductivity(umhos/cm) 58.60 74.30 67.40
Transparency (cm) 77.70 69.70 53.20
Total Dissoved Solids 29.20 36.80 33.30
Biochemical Oxygen Demand(mgl.) 5.07 4.78 11.80
Hardness (mgl-CaCO3) 24,00 19.20 20.40
Total Alkalinity (mgl-) 32.60 34.00 15.30
Nitrate-Nitrogen (mg1) 4.70 4.30 4.40
Phosphate-Phosphorus (mgl-) 1.17 1.14 1.02
Na (mg/I) 6.09 1.71 1.51
Ca (mg/l) 3.27 18.06 18.24
Fe (mg/I) 0.73 1.30 0.96
Mg (mg/I) 0.54 0.17 0.60
Zn (mg/I) -0.07 1.76 1.76
Pb (mg/I) 1.82 0.66 1 0.78
K (mg/l) 5.63 1.53 1.36
Cu (mg/I) 0.32 1.60 1.63
Zooplankton
Cladocera nos/litre) 50.80 34.91 37.28
Rotifera (nos/litre) 14.28 29.36 55.54
Copepoda (nos/litre) 46.83 38.08 , 57.13
Metals
There was highly significant variation in Sodium concentration within the months but
no significant variation between stations. The Calcium level was low in December with a rapid
increase from December through January. Analysis of variance showed highly significant
variation within the months but variation between the station was not significant. The level of
Iron concentration was also low in December with increase in January. There was highly
significant variation within months and between stations (p < 0.05).
The level of Magnesium was low in January and increased uptil March with high
significance within the months only. The Zinc content was highly significant within the months
( p < 0.01), Also the level of Lead was highest in March with highly significant difference
within the months (P < 0.01). The level of Potassium decreased with months and highly
significant variation within the months. The Copper concentration showed highly significant
difference within the month.
Table 2. The means of physico-chemical quality of water samples,
metal concentrations and abundance of zooplankton (for stations) for the
four-month study
Abundance of zooplankton
Cladocera was the most abundant followed by Rotifera and Copepoda respectively.
Cladocera was represented by Dapnia and Diaphanosome species. Analysis of variance
revealed a highly significant variation within the months but no significant variation between
the stations. Rotifrea was represented by Keratella and Branchionus species with Keratella
forming the most abundant species. Analysis of variation showed a highly significant variation.
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iStation Station
1 2
Station 3 Station 4 Station 5
Air Temperature (`' C) 18.5 18.4 19.8 20.4 20.2
Water temperature ("C) 18.9 19.0 19.5 19.6 193
Depth (m) 1.55 1.82 1.96 1.74 1.13
Dissolved Oxygen (mg/1) 6.20 6.41 6.19 6.33 6.30
Water pH 7.2 7.2 7.2 7.3 7.3
Conductivity(umhos/cm) 68.0 68.1 69.5 68 9 68 2
Transparency (cm) 43.1 42.8 41.3 43.5 44.4
Total Dissoved Solids 43.1 42.8 41.3 43.5 44.4
Biochemical Oxygen Dernand(mgr) 3.43 3.40 3.24 3.23 3.38
Hardness (mgl-CaCO3) 19.50 19.00 24.00 17.00 21 50
Total Alkalinity (mgt 31.50 31.00 31.62 30.75 30.50
Nitrate-Nitrogen (mgl ) 4.63 4.25 4.50 4.88 5.38
Phosphate-Phosphorus (mg!) 1.20 1.20 1.20 1.20 1.18
Na (mg/I) 2.33 2.29 2.72 2.96 2.65
Ca (mg/1) 10.51 12.24 9.76 11 38 11.46
Fe (mg/1) 1.08 1.09 1.00 1.13 1.18
Mg (mg/I) 0.49 0.39 0.43 0.44 0.41
Zn (mg/I) 1.00 1.17 1.14 1,14 1 25
Pb (mg/I) 0.83 0.72 1.30 1.72 1.75
K (mg/1) 2.27 2.33 2.44 2.43 2.48
Cu (mg/I) 1.06 0.92 0.85 0.91 1 24
Zooplankton 47.60 34.73 43.66 45.63 54.73
Cladocera nos/litre) 48.60 28.76 46.60 47 59 35.70
Rotifera (nos/litre) 51.58 35.70 49.60 59 53 67 46
Copepoda (nos/litre)
Copepoda was represented by Diaptomus species, Cyclops species and Nauplus
larvae. Naupllii species formed the most abundant. Analysis of variance revealed a highly
significant variation within the months and between the stations.
Pearson Correlation analysis between zooplankton and the physico-chemical parameters.
Table 3 shows the Pearsbn Correlation Coefficient between the zooplankton and the physico-
chemical parameters/metal concentration in Makwaye Reservoir
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There was a highly positive correlation between cladocera, copepods, air temperature,
water temperature, NO3 - N, PO4P and Pb but a highly negative correlation between cladocera,
transparency, depth, Ca and Cu. Correlation analysis for Rotifera revealed that a highly positive
correlation existed between Rotifera, Copepods, air and water temperatures, transparency while
a highly negative significant correlation existed between Rotifera, depth, DO, BOD, Na and K.
The correlation analysis for Copepods revealed that there was a highly positive correlaion
existing between copepods, air and water temperatures, NO3 N, PO4 P and Mg, but hiehly
negative correlation significance between copepods, depth and BOD. Correlation coefficient
analysis for alkalinity showed that a highly positive significant correlation existed between
alkalinity and PO4 P and a negative correlation between alkalinity , Cu, Mg, Fe, and Ca
DISCUSSION
Water Quality and Zooplankton Population
The physico-chemical parameters measured in this study serve as an indication of the
level of water quality as a result of domestic and agricultural discharges into Makwaye Reservoir
while the zooplanktons were taken as biological indicators of water quality.
The low air and water temperatures recorded were attributed to the characteristics of
cool, dry NE trade wind popularly called harmattan. Low temperatures were also recorded during
this period by other workers in various water bodies e.g Balarabe (1989) in Makwaye Reservoir,
Wade (1985) in mining lakes (Jos), Anyam (1980) in Makwaye Reservoir, Oladimeji and Wade
(1984) in Kaduna.
The gradual reduction in transparency with month could be due to the effect of wind
mixing in shallow reservoirs. Commn et al. (1983) attributed repeated turbidity to the resuspension
of sediments under action of wind or algal bloom. Rippey and Rippey (1986) also reported that
wind action affects water clarity in shallow lakes.The run-off from agricultural land and
photosynthesis of the microphytes might have accounted for increase in the pH. Rippey and
Rippey (1986) made similar observation that there was increase in pH with photosynthesis and
CO2 consumption.
The positive correlation between water level and alkalinity indicate that alkalinity of water
increases with decreasing water level usually experienced during the dry season. Adebisi (1981)
also reported high correlation between water level and alkalinity. Similar observations were made
by Holden and Green (1960) and Telling and Rzosk (1967) on Rivers Sokoto and Nile
respectively.
The increase in values of conductivity from January till March could be attributed to
decrease in volume or depth of water with time. Commn et at. (1983) also observed that high
balance of evaporation leads to reduction in water volume with an increase in salt concentration
hence the positive significant correlation between conductivity and TDS, Phosphate-Phosphorous
and Zinc. The highly significant variation that existed for hardness within months and between
stations could be attributed to increase in the concentration of salts due to draw-down in water
level and wind which enhanced the resuspension of sediment, Ca++ and Mg+-F ions.
The absence of phenolphthalein alkalinity in the lake is indicative of absence of normal
bicarbonate and hydroxide as suggested by Beadle (1974), Total alkalinity are primarily due to
bicarbonates input (Stent, 1981).
The trend of DO was highly correlated with the air and water temperatures. Mantland
(1974) reported that the amount of oxygen in water depends upon the extent of contact with the
atmosphere, the amount produced and consumed in the system.
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The high correlation between biochemical oxygen demand and dissolved oxygen showed
that the lake was less polluted. The high correlation of Nitrate-Nitrogen could be attributed to
increase in the irrigation practices close to the embarkment of the lake where leaching of
fertilizers from the farm into the lake as reported by Balarabe (1989), Awanda (1987) and Wade
(1985). It could also be due to the release of nitrate from sediments during the decomposition of
organic matter. Commn et al. (1983) observed that the peak of nitrate seems to be related to input
from agricultural lands. Concentration of nitrate could be reduced by photoplankton and
macrophyte uptake or denitrification in the sediment (Rippey and Rippey, 1986)
The overall pictures showed that most of the physico-chemical parameters were within
the observed ranges in unpolluted water bodies. The highly significant variations may be
attributed to effect of deforestation, fertilizer applications, herbicides, insecticides and other
chemical factors.
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